Localization of normal and abnormal function in patients with band heterotopia 
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1 Introduction 

Cortical dysplasia is caused by the failure of 
migration and development of cortical neurons, 
resulting in misplacement of neurons or absence of 
cortical lamination. Band heterotopia (BH) is one of 
the syndromes involving cortical dysplasia, and is 
characterized by diffuse subcortical heterotopia with 
a band-like appearance. Recent advances in 
molecular biology have revealed that BH probably 
originates in a mutation of the doublecortin gene. 
However, the neurophysiological aspects of 
sensorimotor function and epileptogenesis are not 
clearly understood. Sensorimotor function and 
epileptic activities were examined in two patients 
with BH, using magnetic resonance spectroscopy 
(MRS), functional magnetic resonance imaging 
(fMRI) and magnetoencephalography (MEG). 

2 Cases and methods 

Case 1 was a 17-year-old girl, in whom MRI 
showed diffuse BH with small gyri and shallow 
sulci. Case 2 was a 23-year-old female with 
posterior-biased BH. Both patients suffered from 
intractable epilepsy such as complex partial seizures, 
and Case 1 had mild mental retardation. Neither 
patient had sensory or motor difficulties. 

MRS was acquired using a 1.5 T scanner (Signa 
Horizon, GE Medical Systems). Volumes of interest 
(2 cm 3 ) were located on the heterotopia and the 
superficial cortex of each patient. The relative signal 
intensities of N-acetyl-aspartate/creatine (NAA/Cr) 
and choline/creatine were measured, and the values 
were compared. 

fMRI was also obtained using the 1.5 T scanner. 
Gradient-echo type planar imaging was used with a 
repetition time of 2000 msec, echo time of 60 msec, 
128 by 128 matrix and 24 by 24 cm field of view. 
The patient was instructed to repeat grasping and 
resting of the unilateral hand for 30 seconds each. 
The activated area was delineated by post¬ 
precession of the images by the cross-correlation 
method. 

Somatosensory evoked fields (SEFs) due to 
unilateral median nerve stimulation and spontaneous 
activities were measured in a magnetically shielded 
room using a 122-channel whole-head MEG system 


(Neuromag-122, Neuromag Ltd.). The SEF signals 
were filtered from 0.03 to 400 Hz and digitized at 
1275 Hz, and the responses were averaged over 200 
stimulus presentations between -20 msec and 300 
msec of each stimulation. Latency and amplitude 
were measured after digital high-pass filtering at 15 
or 20 Hz. The MEG signals of spontaneous activities 
were filtered from 0.03 to 100 Hz and digitized at 
400 Hz. The interictal epileptiform activities were 
selected from the simultaneously recorded scalp 
EEG, and analyzed at the peaks after digital filtering 
between 2 and 60 Hz. The dipoles of the peaks of 
SEFs and epileptiform activities were estimated by 
equivalent current dipole (ECD) source modeling, 
and the calculated positions of the dipoles were 
superimposed on the 3D-MRI of each patient. 

3 Results 

MRS showed similar patterns without decrease of 
NAA/Cr ratio in the subcortical heterotopia and in 
the superficial cortex (Figure 1). fMRI during 
unilateral hand grasping indicated activation in the 
contralateral frontal areas (Figure 2). Activation was 
higher in the superficial cortex than in the 
heterotopia. SEFs during unilateral median nerve 
stimulation in Case 1 showed delayed and attenuated 
responses in the contralateral parietal regions 
(Figure 3). I SEFs in Case 2 showed normal 
responses in both postcentral gyri, which contained 
fewer heterotopic neurons than the occipital areas 
(Figure 4). The equivalent current dipoles of the 
interictal epileptic discharges were located in the 
deep heterotopic regions in both patients (Figures 5, 
6 ). 

4 Discussion 

The results of MRS indicated that the heterotopia 
and superficial cortex had similar metabolism 
charateristics in both patients with BH. In contrast, 
There is a marked decrease of NAA/Cr ratio in 
patients with cortical dysplasia [1]. Therefore, we 
consider that both the superficial cortex and cortical 
subcortical heterotopia may harbor preserved 
functions as well. 
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Figure 1: Magnetic resonance spectroscopy in Case 
1. The patterns of chemical shift were similar (a) in 
the superficial cortex and (b) in the heterotopia, in 
contrast to those in cortical dysplasia showing 
marked decrease ofNAA/Cr ratio. 

NAA: N-acetylaspartate, Cr: creatine, Cho: choline. 



Figure 2: Functional magnetic resonance imaging 
during (a) left or (b) right hand grasping in Case 1. 
Contralateral activation was observed around the 
deepest sulci in the frontoparietal areas, shown by 
arrows. Note the higher activation in the superficial 
cortex than in the heterotopia. 
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Scale: 50 msec, 20 fT/cm 


Figure 3: Somatosensory evoked fields due to (a) left 
or (b) right median nerve stimulation in Case 1 with 
diffuse band heterotopia. Asymmetric and small 
responses were noted over the contralateral parietal 
regions, with irregularly prolonged peak latencies. 
Isofield contour map shows a dipole pattern at the 
third peaks; 40.2 and 46.8 msec respectively. The 
equivalent current dipoles were estimated on the 
superficial cortex of the posterior bank of the 
shallow but deepest sulci of the frontoparietal areas, 
shown by arrowheads. 


(a) SEFs (Lt med n) (b) SEFs (Rt med n) 

* 19.1 msec 



Scale: 100 msec, 50 fT/cm 


Figure 4: Somatosensory evoked fields due to (a) left 
or (b) right median nerve stimulation in Case 2 with 
posterior-biased band heterotopia. The waveforms 
were similar to those of normal subjects, and the 
N20m latencies were normal. The anterior-oriented 
equivalent current dipoles of the N20m peaks were 
estimated on the contralateral posterior banks of the 
anatomical central sulci as normal, which was 
identified without difficulty because of the typical 
omega-shaped sulcal pattern. Arrowheads indicate 
central sulci. 
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Figure 5: Epileptiform discharges in Case 1. EEG showed frequent bilateral spike-and-wave bursts, which 
were occasionally preceded by focal spikes in the left posterior-temporal or right mid-temporal area. 
Magnetoencephalography clearly showed alternating predominance to the left or right side, even within the 
same spike-and-wave burst. Two dipole patterns were observed at spike peaks, and the equivalent current 
dipoles at the peaks of the spikes were estimated in both temporal lobes; superior-oriented dipoles in the left 
temporal lobe, and posterior-oriented dipoles in the right. 
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Figure 6: Epileptiform discharges in Case 2. EEG showed sporadic spikes in the left parietal area, whose 
magnetoencephalographic spikes were noted over the left posterior half The equivalent current dipoles at the 
peak of each spike were estimated as inferior-oriented around the subcortical heterotopia of the left occipital 
lobe. 



Several investigations of the functionality of the 
heterotopia have shown that the subcortical 
heterotopia has a primary sensorimotor function like 
the normal cortex. Histological examination showed 
the connections from normotopic and heterotopic 
neurons to the appropriate subcortical structures in 
mutant tish rats, an animal model of human BH, 
suggesting the existence of parallel primary 
sensorimotor information [2]. Functional studies in 
humans using positron emission tomography [3] and 
fMRI [4] showed obvious activation in the 
subcortical heterotopia during finger tapping tasks. 
However, SEFs in our Case 2 showed normal 
responses in the superficial cortex, and SEFs and 
fMRI in Case 1 indicated more functionality in the 
superficial cortex than in the heterotopia. Therefore, 
we consider that the primary sensorimotor function 
is predominantly located in the superficial cortex, 
but may also be located in the heterotopia. 

Various studies have investigated epileptogenicity in 
patients with heterotopia. EEG study using depth 
electrodes showed epileptic activities in a patient 
with BH [5], and ictal onsets originated from the 
heterotopia in patients with periventricular nodular 
heterotopia (PNH) [6] or subcortical heterotopia [7]. 
Pathological examination of infants with 
periventricular or subcortical heterotopia revealed 
that limited connectivity around heterotopia 
demonstrated a neuronal circuit with unbalance of 
excitation and inhibition, leading to epileptogenicity 
[8]. Postoperative outcome after temporal lobectomy 
in patients with PNH was unfavorable without 
resection of the nodular heterotopia [9]. All these 
previous reports indicated specific epileptogenicity 
in heterotopia. The MEG findings in this study 
showed bilateral or unilateral deep ECD localization 
of epileptiform activities, supporting the presence of 
epileptogenicity in subcortical heterotopia. 
Therefore, we considered that the superficial cortex 
has normal sensorimotor function and that the 
heterotopia has abnormal epileptogenicity. 

However, a recent study in mutant tish rats indicated 
that ictal activities arose from both normotopic, 
heterotopic, and also limbic regions, and that 
normotopic neurons were responsible for initiating 
seizures rather than heterotopic neurons [10]. 
Further investigation will reveal the electro- 
physiological mechanisms in patients with BH. 
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